Background: Neuropsychiatric manifestations of patients with idiopathic normal pressure hydrocephalus (iNPH) have not been studied in a systematic way. Aim: To study the spectrum of neuropsychiatric abnormalities in patients with iNPH. Patient Selection and Evaluation: Patients attending 3 different tertiary care centers during three consecutive time periods spanning from 2010 to 2015 were analyzed for neuropsychiatric manifestations. Patients diagnosed as having probable or possible iNPH as per the consensus criteria were included in the study. Neuropsychiatric manifestations were captured by a comprehensive inventory (Cambridge Behavioral Inventory, CBI). Results: The CBI score was available for 41 patients. The mean Mini-Mental State Examination score was 15.37 (SD 7.2) and the Addenbrooke's Cognitive Examination score was 34.95 (SD 19.67), thereby indicating cognitively advanced iNPH. All patients had impairment in one or more items on the CBI. The mean score was 55.46 (SD 27) out of 180, thereby indicating a mild degree of impairment. Among the subscores, impairment with motivation was the most observed abnormality followed by memory impairment. When the CBI total score and subscores were compared, all of them (except motivation) were higher for Alzheimer's disease; however, none was statistically significant. Even though the motivation score was higher for iNPH, the difference did not reach statistical significance. Conclusions: It can be concluded that neurobehavioral abnormalities are common in patients with cognitively advanced normal pressure hydrocephalus. However, the intensity of involvement appeared less when compared to Alzheimer's disease. Apathy appears to be the most common impairment.
Introduction
Neuropsychiatric symptoms can induce marked disability in patients with dementia and increase caregiver distress and can be observed in up to 90% of patients with dementia [1, 2] . Initially, it was thought that neuropsychiatric manifestations are features unique to advanced dementia. But now we know that these symptoms can manifest at a very early stage and even in patients with minimal cognitive impairment [3] .
In dementia patients, neuropsychiatric manifestations affect the quality of life and contribute to the caregiver burden. Neuropsychiatric manifestations have been studied extensively in patient with Alzheimer's disease (AD) and the commonest is apathy and depression. As the disease progresses, aggression, delusions, and hallucinations become more common. Studies on neuropsychiatric manifestations of idiopathic normal pressure hydrocephalus (iNPH) are few [4] [5] [6] . The available studies are either restricted in patient number or consist mostly of underevaluated patients. One of the recent studies on cognition in NPH did not address neuropsychiatric manifestations [7] . A proper understanding of the neuropsychiatric manifestations will shed more light into the neurobiology of the disease. Furthermore, this gives an opportunity to develop more targeted drug treatments as well as nonpharmacological management techniques to enhance caregiver coping skills.
In our study, our postulation was that the majority of patients would have some type of neuropsychiatric impairment as we were studying cognitively advanced iNPH patients. One of the recent studies on cognition in iNPH showed that in cognitively advanced iNPH neuropsychologic impairment was similar to AD [7] .
Hence, in this study, we expected cognitively advanced patients to have neuropsychiatric manifestations similar to patients with advanced AD. The aim was to study the spectrum of neuropsychiatric abnormalities in patients with iNPH.
Patient Selection and Evaluation
It was a prospective observational cross-sectional study. Patients diagnosed as having probable or possible iNPH as per the consensus criteria were included in the study. As per the criteria, it was mandatory for all patients to have hydrocephalus on imaging with clinical features of iNPH. Patients who were having coexisting neurological illness of the central nervous system were excluded from the study. Patients who were excluded were those with stroke, space-occupying lesions, and traumatic head injury [8] . AD was defined according to the NINCDS-ADRDA criteria [9] .
Patients attending 3 different tertiary care centers during 3 consecutive time periods spanning from 2010 to 2015 were analyzed. The patients included those attending outpatient services as well as admitted patients in various medical and surgical wards either as part of dementia evaluation or for unrelated conditions. Many patients in the surgical wards were first seen by a neurologist as part of delirium evaluation and subsequently diagnosed as having dementia. The usual presenting complaint of the patients admitted for dementia evaluation was memory loss. Even though all the patients had gait abnormality, walking difficulty as a presenting complaint was uncommon. All patients were examined by a neurologist (R.M.). The examination consisted of a semistructured interview of the participant's medical history followed by standard physical and neurological examination. The majority of the patients were diagnosed as having dementia for the first time during assessment.
Cognitive function was evaluated with a test battery that included Addenbrooke's Cognitive Examination (ACE), the Mini-Mental State Examination (MMSE), the Trail Making Test Parts A and B, attention span, story recall, line orientation, the Hospital Anxiety and Depression Scale, Activity of Daily Living Scale, IQCODE, and the Rey Auditory Verbal Learning Test. The ACE as well as the Activity of Daily Living Scale were available in adapted and standardized form for the local language. The Cambridge Behavioral Inventory (CBI), the Rey Auditory Verbal Learning Test, the Hospital Anxiety and Depression Scale, and the symptoms checklist was available in the local language. The CBI questionnaire was completed by the caregivers. Gait was evaluated by history of walking difficulty as well as by clinical examination. Urinary incontinence was assessed by self-reporting. Informed consent was obtained from all patients. All patients underwent imaging either in the form of a CT scan or MRI scan.
The CBI was developed to assess neuropsychiatric changes in AD and FTLD. It incorporates questions related to symptoms reported in previous studies of AD and FTLD and has components from the Neuropsychiatric Inventory (NPI) [10] . It has been found to be of use in capturing neurobehavioral abnormalities in other neurodegenerative diseases as well, and hence it may also have diagnostic value [11] . The abridged version of the CBI was used. This contains 45 items each receiving a scale score of 0-4. This is useful to assess broad neuropsychiatric domains and everyday functioning in a variety of dementia syndromes. The 10 behavioral abnormalities assessed by the CBI includes: delusions, hallucinations, memory and orientation, everyday skills, self-care, abnormal behavior, mood, eating habits, sleep, stereotypy, motor behavior, and motivation. The items were translated into local language.
The informant was asked if the behavior of the patient represented a change from that before the onset of dementia and if it had been present during the past month. The informant was not screened for cognitive impairment. However, the information was collected from the same informant who gave a history of dementia.
Statistics

SPSS for Windows version 16 was used.
Comparison of means was made using Student's t test. Parametric variables were analyzed using ANOVA and a p value of less than 0.5 was taken as significant. Pearson's correlation was used to study correlation between variables.
Results
A total of 825 patients were screened positive for dementia. At the end of the complete evaluation, 153 patients were diagnosed as having iNPH and 78 were diagnosed as having AD. The remaining 524 patients could not be included in the study either because they were diagnosed with other dementia syndromes or because proper diagnosis could not be confirmed. All the patients had impaired cognition as well as gait abnormality. 70% were males. The mean age of the patients was 73.72 years (SD 8.06) and the mean education was 7.57 years (SD 4.63). The mean duration of illness at the time of the assessment was 2.15 years (SD 0.89). Urinary incontinence was seen in 25% of the patients. The mean MMSE score was 15.37 (SD 7.2) and the ACE score was 34.95 (SD 19.67), thereby indicating cognitively advanced iNPH. The results were compared with 14 patients with AD.
CBI score was available for 41 patients (Table 1 ). All patients had impairment in one or more items on the CBI. The mean score was 55.46 (SD 27) out of a total score of 180, thereby indicating mild degree of impairment. The lowest total score was 14 and the highest score was 111. The individual scores and subscores were compared in terms of number of patients impaired in each item as well as mean scores per item. The severity of impairment was reflected by the mean score. The majority of patients (87%) had impairment in item 42 ("showing less interest in doing new things"). Considering the individual scores, the highest mean score was in the item "shows little interest in doing new things" (mean score 2.68, SD 1.4) and the lowest score in the item "finds humor or laughs at things others do not find funny" (mean score 0) (Fig. 1) . The most severely impaired items going by mean score included "has poor day-to-day memory," "asks the same questions over and over again," "forgets what day it is," and "shows less enthusiasm for his or her usual interests." The 45 individual scores were classified into 10 subscores. All the patients had abnormalities in at least 3 subscores. Twenty patients (48.8%) had abnormality in 9 out of 10 CBI subscores. The individual scores and subscores are shown in Table 1 . Excluding the memory-related symptoms, it was the motivational subscores that were most involved. Other items with substantial impairment included "sleep is disturbed at night," "sleeps more by day than before," "repeatedly uses the same expression or catch phrase," and "has difficulties writing." Table 1 shows the mean score of each subscores.
For comparison, each subscore was converted to a percentage of the maximum score (Fig. 2) . In terms of the number of patients involved, secondary to motivation, it was everyday skills that were most involved (97.7%).
Among the subscores, impairment of motivation was the most observed abnormality followed by memory impairment. Sleep abnormality was seen in a significant number of patients. Comparing the two sleep-related scores, daytime sleeping was more involved in terms of number of patients (32 vs. 23) and severity (mean score 1.71 vs. 1.98) than "sleep is disturbed at night." These patients were compared with 14 patients with AD.
The mean MMSE score as well as the ACE score were lower for patients with NPH than for patients with AD and the difference was significant for the MMSE score (p = 0.03). In terms of the number of patients having each symptom, significant differences were seen only in eating habits and everyday skills, which was higher in AD. When CBI total score and subscores were compared, all the scores except motivation were higher for AD patients; however, none was statistically significant. Even though the motivation score was higher for iNPH patients, the difference did not reach statistical significance. Correlation of the CBI total score and subscores with the ACE total score and subscores was considered. A significant correlation between the CBI total score and the ACE total score was seen (p = 0.004, Pearson's correlation). However, when compared for memory subscores (CBI and ACE), no significant change was seen (partial correlation, p = 0.079). No significant correlation was seen between cognitive subscores and neuropsychiatry subcores. No correlation was seen between duration of illness at the time of presentation and frequency of occurrence of neurobehavioral abnormalities or severity considering the CBI scores.
Three patients presented as having psychiatric illness (not as having dementia). They had prominent delusion, hallucinations, and features of bipolar illness. One of these patients had bipolar illness presenting symptoms at the age of 45 years. She underwent ventriculoperitoneal shunt twice and revision of the shunt once in a span of 15 years. Each time she presented with psychotic features which went into remission after shunt surgery only to reappear again after a few years corresponding to worsening of the hydrocephalus. We used the CBI to assess neuropsychiatric abnormalities. Studies using the CBI were not available for comparison. However, our results were compared with the study of Kito et al. [6] in which the NPI was used (Table 2 ). In the cohort of Kito et al. [6] , the patients were cognitively less impaired when compared to the present study and the percentage of patients having various behavioral abnormalities was lower. The abnormality in the majority of patients in that study was apathy (70%) as opposed to motivation abnormality (100%) in the present study. We found that the results are comparable within the limits.
Discussion
Neurobehavioral symptoms in dementia can be defined as signs and symptoms of disturbed perception, thought, mood or behavior. They are the most complex, stressful and costly aspect of dementia care [12] . More than cognitive impairment, it is these symptoms that lead to health care problems, poor patient health and income loss for family and caregivers. The causes for these behaviors may be many disease-related factors, caregiver factors, and environment triggers [13] .
To identify neuropsychiatric abnormalities, it is important to use a valid easy-to-use instrument, such as the CBI, which is known for its accurate quantification of neurobehavioral abnormalities in dementia patients. It evaluates a wide range of psychopathology symptoms. As it is completed by the carer, it helps collect a wider array of information on the most pertinent problems of the patient in day-to-day life. Also, this is done without encroaching into the time of the clinician. The CBI has been found to be of use not only in dementia but also in Parkinson's disease, and parkinsonism is well known to occur in iNPH [11, 14] . Because of these reasons, we chose the CBI. We used a comprehensive scale and hence we can be sure that all neuropsychiatric manifestations have been captured.
Neurobehavioral domains
Patients, % present study (n = 41)
Kito et al. [6] (n = 38) All our patients had one or more neuropsychiatric symptoms; however, the severity of the impairment of individual items appeared to be mild. Earlier studies have shown that up to 85% of patients with advanced [15] dementia will have neuropsychiatric manifestations. Our study shows that iNPH is no exception to this rule.
Apathy is an important neuropsychiatric abnormality in iNPH. It has been postulated that apathy contributes to gait abnormality in iNPH [16] . Peterson et al. [17] found that a greater amount of ventriculomegaly was associated with greater apathy. In his study, they could show that improvement in apathy after shunt surgery led to improvement in the MMSE score. They postulated that apathy may be indicative of more subcortical atrophy and hence may relate to functional outcome after surgery. In our study, apathy was also found to be an important neuropsychiatric abnormality. Lack of motivation was the main neuropsychiatric manifestation in our patients, both in terms of number of patients involved as well as severity of involvement. Lack of motivation is a manifestation of apathy. Other features of apathy include abulia, decreased empathy, and lack of emotional involvement [18] . Among the 5 important frontal subcortical circuits, motivation is mediated by the anterior cingulate circuit [19, 20] . Hypoperfusion in the anterior cingulate cortex and thalamus has already been described in iNPH patients [21] [22] [23] . Our findings support this assumption. The present study was compared with the study by Kito et al. [6] . As the NPI was used as the scale for behavioral abnormalities in their study unlike our study where the CBI was used, the results were not easily comparable. However, their results were comparable to our study as the abnormality seen in the majority of patients was apathy, which was similar to the abnormal motivation seen in our patients. Studies have shown that the ventromedial superior frontal gyrus lesion is the most specific lesion associated with apathy. The same structure is also critical in motivation [24] . Hence, both studies may be pointing towards the same structural lesion in iNPH. In the cohort of Kito et al. [6] , apathy was found to be mild and was partly attributed to the less cognitively advanced stage of the disease (MMSE score 19). However, in our study, in spite of the cognitively advanced state, apathy was mild, thereby indicating that the degree of apathy may not be really related to the degree of cognitive impairment.
Sleep disturbance was one of the major abnormalities in our cohort, seen in 85% of patients [25] . Sleep abnormality was seen in the form of disturbed sleep during the night and increased sleep during daytime. This was important in terms of the number of patients involved as well as in terms of severity as reflected by the percentage of the maximum score. Detailed assessment was not done in the study. Isolated reports on sleep abnormalities in iNPH are available; however, this aspect has not been considered seriously [26] . In the series of Kito et al. [6] , this has not been mentioned probably because the NPI used did not capture this abnormality. Sleeping problems in NPH need a more detailed evaluation in a larger number of patients before any firm conclusions can be made.
Considering the number of patients affected, impairment of day-to-day skill was the second commonest neuropsychiatry symptom. However, the mean CBI score in this regard was low, thereby indicating only mild impairment.
In one of the recently published studies on cognitive abnormalities in patients with iNPH by the same authors, it was found that cognitive impairment in advanced iNPH was similar to that of advanced AD patients [7] . Hence, we decided to compare the neurobehavioral abnormalities of iNPH with those of AD. When compared with AD, the CBI score and subscores were higher for iNPH even though cognitively AD patients showed more advanced disease. This may be because neurobehavioral manifestations in dementia are not a direct correlate of cognitive impairment. Also, no direct correlation was seen between cognitive scores and neurobehavioral scores. From the present study, it appears that the pattern of neurobehavioral impairment in AD and iNPH are more or less similar; however, the severity is less in iNPH. However, motivation appears more involved in iNPH, a finding which needs to be repli-cated in larger studies. Apathy has been mentioned as the most common behavioral and psychological symptom in dementia; however, our study shows that apathy may be more prominent in iNPH than in AD even though the difference in motivation scores did not reach statistical significance.
Three patients presented with psychiatric illness, not dementia. This is an uncommon presentation of iNPH. Reports on psychiatric presentation of iNPH are sparse and consist of mostly case reports [27, 28] . In one of the largest series evaluating psychiatric manifestations of iNPH, Oliveira et al. [29] concluded that iNPH can present as psychiatric syndromes, which need to be considered in the evaluation of psychiatric patients. In their series, 25 out of 35 patients presented with psychiatric syndromes. In their series, all patients had undergone psychiatric evaluation. In our series, this aspect was not looked into seriously and psychiatrist evaluation was done only in situations where it was inevitable. However, this aspect of the disease needs more serious evaluation before firm conclusions can be made.
One of the major limits of the study is that the sample size is small and for the same reason results are not generalizable before replication in larger studies. Many of the observations would have probably reached statistical significance if the sample size was larger. We chose to use the abridged version of the CBI, which means that some of the minor behavioral abnormalities might have been missed. As the patients were having significant cognitive impairment at the time of evaluation, the neuropsychiatric abnormalities seen in earlier stages of the disease might have been missed.
It can be concluded that neurobehavioral abnormalities are common in patients with cognitively advanced NPH. However, the intensity of involvement appeared to be less when compared to AD. Apathy appears to be the most common domain of impairment. Sleep abnormality is a neurobehavioral abnormality which was commonly seen in this cohort and needs further evaluation.
